Background: Head and neck cancers (HNCs) constitute 5% of all cancers globally and are the most common cancers in India. Chemotherapy and radiotherapy have not been proved to be effective in advanced cases and the prognosis remains dismal. This underscores the need for newer treatment options in these cases. Nimotuzumab, an anti-epidermal growth factor receptor (anti-EGFR) monoclonal antibody, was safer when combined with chemo-or radio-therapy. Aim: To evaluate the safety and efficacy of concurrently administered nimotuzumab with chemo-radiotherapy in patients with advanced inoperable squamous cell carcinomas of head and neck (LASCCHN). 
Introduction
, head and neck cancers (HNCs) constitute approximately 5% of all cancers globally [1] , and are the most common cancers in India, with an incidence of approximately 0.2 -0.25 million cases annually [2] . Out of all head and neck cancers occurring globally, 57.5% occur in Asia especially in India. Incidence is higher in South Asian people and in the USA, incidence rates are two-fold higher in Blacks compared to Whites. Of all the malignant tumours of the head and neck region, squamous cell carcinoma (SCC) is the most frequent. The most important risk factors are tobacco exposure, either by smoking or chewing, alcohol consumption, and infection with high-risk types of human papillomavirus [3] . In India, tobacco chewing accounts for nearly 50% of oral and oropharyngeal tumours in men and over 90% in women. In addition, it has also been associated with ionizing radiation, diesel exhausts, sulphuric acid mists, and mustard gas [4] .
There is an increased likelihood of SCC developing from preneoplastic lesions grouped under the term dysplasia. The clinical features of HNC vary with the site of the tumour. For example, patients with tumours arising in nasal and paranasal sinuses present with nasal fullness, stuffiness, or obstruction, epistaxis, rhinorrhea, pain, and paraesthesia. Patients with nasopharyngeal carcinoma present with painless enlargement of upper cervical lymph nodes with a blood-stained post-nasal drip. Tumours of the hypopharynx, larynx or trachea, may present with fluctuating hoarseness, sore throat, and/or chronic cough of a few months' duration [4] .
A dysplastic lesion may be self-limiting or may even turn into SCC. Malignant transformation can occur in 11% moderate to severe dysplastic lesions. Surgery and/or radiotherapy (RT) provide favourable outcome in the most early-stage tumours. In advanced tumours, survival outcomes are poor (40% -50% five-year survival rates) [4] .
Radiotherapy (RT) is the standard-of-care in initial stages of HNC, while addition of chemotherapy, especially cisplatin, is warranted in non-resectable and locally advanced cases of squamous cell carcinoma of the head and neck (LASCCHN). However, results have not been proved to be effective in advanced cases, and the prognosis remains dismal. This underscores the need for newer treatment options in these cases. At the forefront of research are therapies involving molecular targets such as epidermal growth factor receptor (EGFR), a topic have extensively researched over the last decade. Overexpression of EGFR has been observed in various cancers including gliomas [5] , sarcomas [6] and HNCs [7] . In SCCs of head and neck, EGFR is over-expressed in >90% patients [7] .
Nimotuzumab (also known as h-R3), is a humanized monoclonal antibody that recognizes the EGFR external domain (domain III) with intermediate affinity, and has demonstrated a remarkable anti-proliferative, pro-apoptotic and anti-angiogenic effect in preclinical in vitro as well as in vivo studies. It has also demonstrated good safety profile in combination with chemo-radiotherapy (CRT) as compared to other monoclonal antibodies [8] [9].
This study was conducted with the aim of further evaluating the safety and efficacy of concurrently administering Nimotuzumab with chemo-radiotherapy in patients with LASCCHN.
Methods
This was an open-label, single-arm study. Patients above the age of 18 years, having histologically confirmed LASCCHN, in an inoperable stage (III and IV), were enrolled. Other main inclusion criteria were Eastern Cooperative Oncology Group (ECOG) Performance Status score of ≤2 and life expectancy greater than 6 months. The main exclusion criteria were patients who received chemotherapy, radiotherapy and/or immunotherapy, patients with distant metastases and known or suspected hypersensitivity to drugs used in the study. Informed consent was obtained from all patients.
Interventions: Baseline hematological and biochemical profiles were done before starting the treatment. Radiotherapy schedule was total dose 6600 cGy, 200 cGy/fraction, 5 fractions/wk for total of 33 fractions. For che-motherapy, cisplatin was given in a dose of 30 mg/m 2 weekly for 6 weeks. Study drug nimotuzumab was given by 60 mins I.V. infusion 200 mg weekly for 6 weeks. The patients were evaluated every week during the treatment period and there after till the complete clearance of reactions. Patients were evaluated over response evaluation criteria in solid tumors (RECIST) criteria 24 weeks after the last cycle of chemotherapy. Toxicity was documented, using radiation therapy oncology group (RTOG) acute toxicity criteria. For efficacy, intent-to-treat (ITT) analysis was performed following the last-observation-carried-forward (LOCF) principle. Data were evaluated using a Chi-square test and Fisher's exact probability test as appropriate. Median overall survival along with 95% CI, mean, and the standard error was estimated by the Kaplan-Meier method.
Results

Demographics
Mean age of patients was 50 years old, with majority of them (56.1%) between the age of 40 and 60 years old ( Table 1) . The most common site of cancer was oral cavity (56.1%) ( Table 2) . Forty-six patients (80.7%) completed 6 cycles of therapy. Majority of the patients (77%) were males.
Efficacy and Safety Result
Objective response rate (ORR) was 80.7%, with 34 patients (59.6%) achieving complete response (CR), and 12 (21%) achieving partial response (PR). Stable disease (SD) was noted in 8 (14%) patients and progressive disease in 3 (5.2%) patients (Figure 1) .
The common adverse event observed in the study is mucositis, seen in 19 patients (33%). No Grade III or IV adverse events were reported. Nimotuzumab did not exacerbate adverse events associated with concurrent CRT.
Discussion
Nimotuzumab has been extensively evaluated and studied in clinical and non-clinical trials with encouraging results [10] - [12] . The results of this study were comparable with other studies conducted in the past with similar combination [8] . On the other hand, even though cetuximab was found to improve overall survival at 5 years in a study [13] , it was also found to induce moderate to severe rash in almost 87% patients in another study [14] .
Other monoclonal antibodies, including nimotuzumab, panitumumab and zalitumumab are being evaluated for enhanced properties like antibody-dependent cell-mediated cytotoxicity and unique binding sites [15] . Alternatively, tyrosine kinase inhibitors do not induce antibody-dependent cell-mediated cytotoxicity and may be less efficacious than monoclonal antibodies due to the lack of tyrosine kinase mutations in this cancer [16] .
Overexpression of EGFR is known to cause radio-resistance in cells [9] [17], since EGFR and downstream Akt-signalling are known as key players in mediating cell survival following irradiation. It is therefore possible that anti-EGFR agents have a dual mode of action. First they inhibit the EGFR-signalling pathway and reduce the rate of cellular proliferation, and second they negate the EGFR-mediated radio-resistance and sensitize malignant cells to concomitant RT [18] [19] .
Studies have also shown that RT and EGFR inhibitors may act additively or maybe even synergistically in promoting tumour cell death, which was suggested by the fact that pre-treatment of cells with EGFR inhibitors increased radiation-induced apoptosis by more than 3-fold [17] [18] . Similarly, EGFR antagonists may augment the tumour response to chemotherapy since EGFR overexpression is also known to cause resistance to chemotherapeutic agents [20] .
As compared to other monoclonal antibodies, nimotuzumab has been proved to be remarkably safe repeatedly [8] [21] [22] . In total, nimotuzumab has been administered to more than 4000 patients and notably no evidence of severe skin rash has been reported. This safety profile can be attributed to the fact that unlike other anti-EGFR antibodies, nimotuzumab requires bivalent binding for stable attachment, leading to selective binding to cells expressing moderate to high EGFR levels. The monovalent Fab fragment of nimotuzumab has a ten-fold lower affinity for the extracellular domain of EGFR than the Fab of cetuximab. When EGFR density is low, such as in normal tissues, nimotuzumab monovalent interaction is transient, thus sparing healthy tissues and avoiding severe toxicities [22] .
The limitations of this study include small sample size and incomplete capturing of the survival outcomes. We have not been able to stratify the patients based on EGFR expression levels and would contend to include it in our future studies.
Nimotuzumab being a humanized monoclonal antibody with optimized affinity constant has shown a versatile compatibility with the existing therapies, be it either radiotherapy or chemotherapy without any added toxicities. In our study no serious skin reactions have been recorded and it reflects the scenario in majority of patients receiving nimotuzumab. However, larger clinical trials are needed to prove its value.
Conclusion
Although inoperable LASCCHN is difficult to treat, new emerging therapies have shown to improve the overall outcome. While these continue to show promising results, detecting these cases early is also imperative to maximize positive results. The findings of this study support the use of nimotuzumab with CRT/RT as a viable the-rapeutic option in patients with inoperable LASCCHN. Even with these positive results, further validation of these findings is necessary with well-designed, large late stage clinical trials and extensive clinical experiences.
